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John E. Price
Carnahan, Evans, Cantwell & Brown, P.C.
2805 S. Ingram Mill Road 
P.O. Box 10009 
Springfield, MO 65808

RE: Fantastic Caverns Employee Notification of TCE Exposures 

Dear Mr. Price:

The Missouri Department of Health and Senior Services (MDHSS) recently received a copy of the 
enclosed report prepared by Ozark Underground Laboratory (OUL), Fantastic Caverns Information for 
Employees on TCE in Cave Air, dated September 1, 2016, that was reportedly presented to employees of 
your client, Fantastic Caverns, on October 13,2016. While MDHSS appreciates that Fantastic Caverns 
is sharing information with employees, the information provided in this report is very troubling because 
it misinforms the employees of trichloroethylene (TCE) exposure concerns and potential health risks. 
The U.S. Environmental Protection Agency (EPA) also expressed similar concerns about the 
information provided to Fantastic Cavern’s employees in a recent letter (enclosed) to the Missouri 
Department of Natural Resources (MDNR). MDNR forwarded that letter to us and indicated that they 
share EPA’s concerns. Therefore, please consider this letter a request by our combined agencies that 
employees of Fantastic Caverns be immediately provided accurate health information on TCE exposure.
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Of specific concern in the OUL report is the comparison of the cave air TCE levels to the Occupational 
Safety and Health Administration (OSHA) Permissible Exposure Level (PEL) and the conclusion that, 
since the levels detected in cave air are below this OSHA level, there is no health risk to employees. 
While OSHA does in fact regulate workplace health and safety, OSHA PELs apply to 
commercial/industrial operations where the subject chemicals are in active use or production. Since the 
source of TCE in air within Fantastic Caverns is from environmental contamination and not from the use 
or production of TCE at the facility, OSHA standards are not applicable for the cave. MDNR previously 
provided information to the cave owner by email on September 2,2016 regarding the inappropriateness 
of use of OSHA PELs at this site, and that information sheet is enclosed again with this letter for 
reference. In addition to the information provided in this enclosure, it is also worthy to note that OSHA 
too recognizes that many PELs “are outdated and inadequate for ensuring protection of worker health.” 
(www.osha. eov/dse/annotated-pels')

EPA uses current science to calculate health protective standards for chemical exposure to protect 
individuals, including workers, at sites with environmental contamination. An EPA Region VII memo 
titled Action Levels for Trichloroethylene in Air (November 02, 2016) provides the recommended action
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levels for TCE in air as well as information on characterizing and addressing human health risk from 
less than life-time exposures. The memo is included as an enclosure.

Air samples from the cave collected as long ago as 2004 and as recently as this year have shown 
intermittent elevations of TCE significantly above the current EPA level. Both MDHSS and MDNR 
previously recommended that employees of Fantastic Caverns be informed that TCE has been detected 
in cave air above levels of health concern and that the employees be provided with applicable health 
information on TCE exposure. The agencies followed up on several occasions (September 2,19, and 
October 6, 2016) by providing the enclosed employee fact sheet to assist with informing employees. It 
is imperative that employees are adequately informed of the TCE exposure concern and the potential 
health risks. Therefore, employees must be provided with the information in the enclosed Fantastic 
Caverns Employee Fact Sheet (developed by MDHSS and MDNR) and the TCE fact sheet (developed 
by the federal Agency for Toxic Substances and Disease Registry). Because of the potential risk to 
human health from elevated TCE exposures, please provide MDHSS with documentation that owners 
and employees at Fantastic Caverns have received this important information regarding health risks 
from exposure to TCE.

Furthermore, the workers should be made aware that MDHSS is available to answer health-related 
questions as needed. MDHSS is available upon request to meet in person, provide a presentation, and 
address any health concerns that Fantastic Caverns’ owners or employees may have.

If you have any questions or concerns regarding these issues, please feel free to contact me at (573) 751- 
6102. Additionally, if you have any questions for MDNR, please contact Dennis Stinson at (573) 751- 
1388.

Sincerely, _______

Jonathan Garoutte, Chief
Bureau of Environmental Epidemiology

JG:DW:MDH 
cc: Dennis Stinson, MDNR 

Steve Sturgess, MDNR 
Mary Peterson, EPA 
Spencer Williams, ATSDR

Enclosures
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Fantastic Caverns
Information for Employees on TCE In Cave Air

Tom Aley, Missouri Registered Geologist #0989 
Senior Hydrogeologist and President 

Ozark Underground Laboratory 
September 1,2016

■: x-'
Purpose

Very small concentrations of. the chemical, trichloroethylene (TCE) !can sometimes''lje’ 

detected in the air of Fantastic Caverns. Management of the ^.Caverns asked the Ozark
Underground Laboratory to. propare ^written information for employees so that they can be 
informed about tHe^Xj'e^hat'isHhe^parposl'df this:brieffreport. ;, ~ ~ —

...... r j-r-- — / y'■’'s—i ?H—«■--■■ ■<■ ■ ■■ - -r- -■ .. *....... ..... .
___TCE.has, so far as_we.can^det^crn|ne^:^e^e.gbeenj.u^d3^tne-bave^dfdt^any point on the

cave property where it might^ri|^]^^:cayl|., ,<t^ntV.Si^e5«^e£elthe|vthrough air or water. It is 
a volatile compound and Tan moj^foinjwatef int6~aj^orrf^om air intoT/ater. The'TCE in the 

caye air is attributable to^plllagerdisbosalf pr the?underground movement of this-compound 
within the l2.72:square mile rechaTgt>area!fOr the caVfe^ ^ J ^: r ' ? .............. . ..........

.............. .....^ --r-*, \:K .i.-"-..:....... .................................
; At concentrafions^m^cji::,higher than, t^se enjcoufite^e^ip Fantastic Caverns TCE is

identified by the goVemment as ao|rcinpgen"(cah^ecTausirig,ageht)v Some very limited studies 
have^ suggested that ^low concentrations: of . TCETtn- air might present some risk-of health 

consequences.

»d■-that^dw-cohcbWrafldn^^^T^E’-in-1air ’might present some risk-of 
. TCEJn either alrTr^aW^!^trti^P^5iW^aBv4relp!impa<^_caye features.

Background
>.J&.
K 'mill'd

—v5*
-Trichloroethylene?('TGEK\^s;heavily used. ai^r ^ptviE^t''^r6rn^thfe.Wafiy 1920s through the 

1970s, but after the 1970s tebeparhe I bslnpo[Hilar dueltdJe^vifdrinfeitaf concerns (Bakke et al.
2007). TCE is recognized as a^^eu^ti^MlTardhpggmihJvirater^aifd air. Some studies have 
sU®ested“ah~assoefatidTrBetwe^;fcE^^ei^bsure' ;i^k^r~wpmen^ arid Heart "defects in their 
babies but-study resultSvarei^ueStionabloT^agse dAiiie sm^ll number^ of eases/ insufficient 
exposure cha.ra<aeri^id^^.emi£aJ:&^xRp^es,|an4ijiFiW'n^tfibJdol6gical deficiencies (Chiu 

et al. 2013). One of the likei^^dt^unassessed, co-eXposures isJto'Zp.fran. This drug was not 
approved by the FDAfpr.treatment of.mornlHg!sfekness>rbut^Has been,given to about a million 

wpmen~a~year for Thls“conditron~(D^ugWatch^actessed Tjhere is a class action- suit
against-the-maker of-this drugrcldiming that^amoiig ievtiraleffero;iif produces heart defects in 

babjesborn to mothers v^hgjtc^k tJjTdj’ug-dulring pre^ancyfDrugWatch; accessed 9/1/16).
: . - ........ ' i...
! __ '• - ' 'Ziy.'&i*•• • -r i

Exposure to TCE inworkplace-airisregulatedby OSH A. Tjie limit in air is 100 parts per 
million (ppm)-of-TCE time-weighted average dybr .an 8-Hour work period. This.level is defined 
(as per ATS.DR 200.7) ?asr"concentration':fdr a normal'8-hou'r: workday and-40-hour work week
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[that is] set at a level at which nearly all workers may be repeatedly exposed without adverse 
effects." the 100 ppm concentration is equal to 537,000 micrograms of TCE per cubic meter of 
air. There is no other established federal standard although the US Environmental Protection 
Agency (EPA) has a current target concentration in air impacted by Superfund sites of 6 
micrograms of TCE per cubic meter of air. No, this is not a typo. Yes, the legal limit established 
by OSHA is over 90,000 times greater than the EPA target. There is no scientific reason that TCE 
derived from a Superfund site should be 90,000 times more harmful than TCE from other 
sources. The appropriateness and reasonableness of this target is not supported by credible 
data and is strongly challenged (Coffin et al. undated). Also, there is no Superfund site in the 

recharge area for Fantastic Caverns.

Bakke et al. (2007) report that the mean TCE concentration in workplace air at sites 
where TCE is used is 38.2 ppm (208,954 micrograms per cubic meter). This value is based on all 

industries and decades, but most measurements are from the 1950s, 1970s, and 1980s. An 
estimate by National Institute for Occupational Safety and Health (NIOSH) in 1973 was that 
200,000 workers were potentially exposed to TCE. In 1978 the number was revised downward 
to 100,000 fulltime exposures with up to 3.5 million more workers exposed to continuous low 
levels or to brief exposures to various levels of TCE (Sittig 1985). I have found.no.studies,, 
suggesting that children of workers who had exposures to TCE many thousands of times greater 
than the EPA target concentration were born with an elevated frequency of deformed hearts. 
Perhaps such studies exist; if they do not their absence suggests that obvious Investigations 

havebeenomitted.in^PA's rush to establish minute target concentrations. ....

Current production of TCE in the US exceeds a million pounds per year. It can be 

purchased vyithout any permit or training ar|d is easily available on the internet. Its many uses 

have included: . .. . ■. .... . ...... . ........ ...■, .
• As a dry cleaning liquid. -
• Metal degreasing and in cleaning plectronic parts. This is the largest single use. .
• Dissolving fats, greases,, and waxes. It has sometimes been used in cleaning sewers and 

septic systems of fat and grease. It undoubtedly works wonders on clogged sewers or 

grease .traps at.cafgsU,
• .Cleaning auto parts, and especially for clean|ng carburetors and brakes..

. • . For removing caffeine from, coffee and other uils from spices. - ;
• As a refrigerant and heat exchange liquid. -
• As a fumigant.’ . ■
• in medicine as an anesthetic where it was often administered .during child birth.

Because of the many different uses of TCE :at-multiple sites the compound is widely 
dispersed in both air and water. Verschueren (1983) reports that TCE is found in municipal 
sewer air at lO to 100 parts per million (ppm)-; This equals a concentration range in sewer air of 
54,700 to 547,000. microgramsiper cubic meter ;of air. The TCE iri sewer air is derived from 
disposal of the compound into drains as a liquid. Within the sewers some of the TCE volatilizes 
and is then present in both.the air and the water of the sewers. TCE can move from water into
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air or from air into water ani^as a

^S^^EH^rSiftad by ^^^sTCEyitricfgrbondwaterln kartf are^ere are tens 

are notorious for leaking sewage (and thy? TCE) i ^ ® $ re. ^(a techarge area for Fantastic
°f * 1hSitt>addiW.o the dorens of poir, sources in the recharge araa whore

STS bSpXspiiiad into'the kaVs, groundwater system. , ^ ;

;.vo! ,-.ucunnno-- o«- »•»*••••••♦* j'( ,-,- Vt, .ff,.....j >„: n*v 05 ; ~ -"

TCEa^ntas^lccavern* ,-r, .... =■. ••••*•• •■■' ■ . „.r ■

ii-iro-t to.ar.vy'pa'ft b***'-'-* "' ' '" ' ' . „ ,; 'row?
MbPdtentialSources ..... . r..,;r. ..A;. ■. ; ■■■..•, oi.- •/•*• '■■

v**#*’*** ifeiJe f3M®w0?cwr''
first, there is no indication that let na

rrp in the cave's air or water is from cpsite source^..; • /r v, <n•.«■:■■■= j .....
T?d flea wy ,; jv Williams";

*»* ^ to-Faritastic Cavern ( ^ (trac^^e;u?"
J1L. Areal was delineated by Aley and Thom^n (2(^ ba«d

. . .--,i,-.xv i-r-r: jt/i ic- f-
1 ‘ ' ■*:! ■l'" 3,1 ^ i_roo ri>'h'aree"rareaVCfrie:sfte that

There are many potential ““rcla^“iWMPUt&n 
has received substalitiaTrafta^ioh’^o^^ ^^^.g^^aiflii^gifcogTAI^t^fdDNR
wastewater lagoon. It was located In a sinkh .nttlTK0^w 2082): Dye from this
introduced dye Into this ^^SSSXmm<*«» Sprin^thstejd, the 

introduction was NOT detected at ft*
dVe from ,l'|s^,rod"I*,f0tnh"^3rg(. area divide between Ritter Springs and the Fantastic/Big

^Ifa^sS^lm^Gomplex'asidraWmbyiAleyaiid^ . -^h^heu

lo re The'-forrn^iLlttoniplatTtilsToratedrwe^o^therLIttonera^ayrataalagoor^and^yrd^^

delineatedi Fantastic/Big Williams SP""S.C^he A|eV,and.ithomsomt2002J.studyithere had
grouhdvhrter in this area, but as of the^trmeof"^an¥;hvdroWcally^ssooiated.:spnn^.

^rsr’rrrsr^.—« - «- - *about ^feet



northwest of the former Litton lagoon. Dye from that trace discharged at the Fantastic 
Caverns/Big Williams Spring Complex.

The former Litton facility is about 17,000 feet from Fantastic Caverns. I am not aware of 
any data to support attributing TCE in Fantastic Caverns to the former Litton plant. Given the 
large recharge area for Fantastic Caverns and past and current,land use in the area there are 
many potential sources for the TCE detected in the cave. The former Litton lagoon is not 
among them.

TCE Measurements

Monitoring for TCE has been conducted in Fantastic Caverns by MDNR. This has 
occurred on five dates with a total of 10 measurements. The values are shown below.

Season Number of
Measurements

Range of Values 
(microgra ms/cubic 
meter),

Mean
(micrograms/cubic

meter)

Winter 5 . <5.3 to 53 11
Spring 3 0.94 to 150 51
Summer 2 61 to 88 75
Fall 0 , ; ..... . : . .. .

Annual 10. 0;94 to 150 . , 35 ..
Note: In calculating means,values^ those shown.asless than were assumed-to be zero.

?■ Based on .the measurements that have been made I conclude that: ,
•. The;^OSHA, limit for TCE in workplace air is 547,000 micrograms per cubic meter. This is 

over 15,000 times higher than the mean value measured in Fantastic Caverns.
■ The highest value measured in the cave was 150 micrograms per cubic meter. The 

Q5MAMimit is over 3,600 times higher than this measurement, j >;
• The OSHA limit is for an 8 hour time-weighted average;. If a person spends four hours 

per day in the cave the OSHA limit would be over 30,000 times higher than the actual
~ employee exposure based on the .mean* measured valuer and it would be about 7,300 

times higher than the actual employee exposure at the largest c6ncentratiommeasured.r
• Because of airflow patterns, the portions of the cave likely to have the highest TCE 

concentrations are the locations measured. Average TCE concentrations in the cave are 
likely to be about half of the measured concentrations. As a result, employee exposures

. to the air in Fantastic Caverns are minute. ' -
• The MDNR monitoring has shown that Fantastic Caverns is fully in compliance:with the 

OSHA limits for TCE in workplace air. No more monitoring is needed oris appropriate.

Impacts to the Cave

An air contaminant such as TCE has the potential to impact the nature and extent of 
calcite speleothems (cave formations). The technical literature; for example Hill and Forti :
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(1997), is basically speculative oh this topic. RegardlesSofthis, TCE in the cave air is 
undesirable but will undoubtedly persist for many years. Its impact On cdve organisms at the 
concentrations likely found in the cave stream is also unknown.

Orie privately-owned show cave has recently installed an elaborate forced aiir ventilation 
system arid other features to'ireduEe'TCE' ifonc0^^iions"inj(ave''aTr :to levels below the EPA 
target levei"of 6 micrograms' per cubic 'meter of aif. This will almost certainly cause 

environmental damage to the cave; the severity of the damage to the cave and to the show 
cave business has not been determined. This Other show cave is known to be connected to a 
distant Superfund site and in this way it differs from Fantastic Caverns'. The EPA has done no 
environmental assessment of the impact of this dramatic alteration to the natural microclimate 
oftfiisbmershoWcave. ' ’v' ;

J • '-l , "'.ll;.. ..
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 7

11201 Renner Boulevard 
Lenexa, Kansas 66219

DEC 0 9 2016

Steve Sturgess
Missouri Department of Natural Resources 
P.O. Box 176
Jefferson City, Missouri 65102-0176 

Dear Mr Sturgess:

Thank you for providing a copy of the Fantastic Caverns Information for Employees on TCE in Cave 
Air, authored by Tom Aley, dated September 1, that was provided to employees by Fantastic Caverns at 
a facility meeting on October 13,2016 (TCE Fact Sheet). The U.S. Environmental Protection Agency 
considers it an important step that the employees of Fantastic Caverns have information about the 
measured levels of TCE at the caverns. However, the EPA believes there is information in the TCE Fact 
Sheet that may mislead employees about the risks of exposure to TCE in air. Specifically, the EPA 
action level is based on the most current scientific studies that were not available when the Occupational 
Safety and Health Administration established the Permissible Exposure Levels for TCE. As noted on 
OSHA’s website (www.osha.gov/dsg/annotated-pels) many PELs “are outdated and inadequate for 
ensuring protection of worker health.” The TCE Fact Sheet also incorrectly dismisses the need to study 
or address the TCE contamination to ensure the health of employees and guest tourists.

The TCE risk-based action level for a typical industrial/commercial scenario with an 8 hour workday is 
6 pg/m3 (EPA, 2016). This level is based on the TCE chronic reference concentration of 2 pg/m3 and an 
assumption that a single exposure to TCE at any time during an approximate three-week period in early 
pregnancy could result in one or more types of cardiac malformations. Thus, the critical exposure period 
of concern used to evaluate the potential for heart defects and derive the TCE action level is one day. 
Chronic exposure to TCE may affect the central nervous system, kidneys, liver, immune system, and/or 
male reproductive system, and poses cancer risks. An exceedance of the TCE action level indicates a 
potential imminent threat to human health. The EPA applies this analysis to sites with environmental 
contamination, and the OSHA standard referred to in the employee fact sheet is not a risk-based level 
that the EPA would apply to this situation.

The employees of Fantastic Caverns should be made aware how the EPA calculates the risks from 
exposure to TCE, and how the EPA uses the most current scientific information to protect workers and 
others at sites with environmental contamination. The EPA is available to discuss with MDNR and 
MDHSS options for enhancing communication with employees at Fantastic Caverns to ensure they 
receive correct information regarding potential health risks from exposure to TCE.

If you have any questions, please call me at (913) 551-7882.

Printed on Recycled Paper



OSHA TCE LEVELS

The OSHA PEL for TCE is 100 ppm, which equates to 537,423 pg/m3.

While OSHA does in fact regulate workplace health and safety, OSHA workplace air standards 
are applicable to commercial/industrial operations where the subject chemicals are in active use 
or production. Since the source of TCE in air within Fantastic Caverns is from environmental 
contamination and not from the use or production of TCE, OSHA standards are not applicable in 
this instance.

Where potential worker exposures are due to contamination of the environment and not from 
work practices, risk-based levels protective of both cancer and non-cancer effects (including 
sensitive individuals) are applicable to both assessing potential exposures and developing risk- 
based remediation levels.

The key distinctions between OSHA standards and risk-based levels include the underlying 
assumptions about the context of workplace exposures, the characteristics of the workers being 
protected, and the level of protection afforded to workers.

OSHA standards specifically apply to workplaces where workers are exposed to hazardous 
chemicals used in or generated as a result of routine work activities. These workers are assumed 
to be aware of the chemicals to which they are exposed and can obtain information on them 
through Right-to-Know laws. OSHA standards assume not only that workers are knowingly 
exposed to specific chemicals in the workplace, but that they also receive additional protection 
and training to mitigate exposures. OSHA requires workers to be trained to control or prevent 
exceedances of its exposure standards (including the use of personal protective equipment to 
help prevent excessive exposures), and also requires periodic worker health monitoring to ensure 
that excessive exposures are not occurring. In addition, OSHA standards were developed 
assuming a healthy adult worker and were not necessarily developed to be protective for 
sensitive individuals, who may have preexisting health conditions, etc.

Although, MDHSS is not specifically questioning the protectiveness of the OSHA levels, we 
would like to point out that these levels have not been updated in decades and are not based on 
current science and toxicity data. Scientific evidence shows TCE is more toxic than previously 
thought and, thus, there have been recent updates to toxicity values used in assessing exposure 
and developing risk-based remediation levels. Currently, there are several orders of magnitude 
difference between OSHA standards and current risk-based levels for TCE.

For additional information or questions, you may contact Michelle Hartman of Missouri 
Department of Health and Senior Services at 573-751-6102.



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 7

11201 Renner Boulevard 
Lenexa, Kansas 66219

NOV 0 2 2016

MEMORANDUM

SUBJECT: EPA Region 7 Action.Levels for Trichloroethylene in Air

FROM: Mike Beringer, Chief
Environmental Data & Assessment Branch 
Environmental Sciences & Technology Division

TO: Branch Chiefs
Waste Enforcement and Materials Management Branch 

and Waste Remediation & Permitting Branch 
Air and Waste Management Division

Branch Chiefs 
Superfund Division

The purpose of this memorandum is to update the U.S. Environmental Protection Agency Region 7 
RCRA and Superfund programs on the recommended action levels for trichloroethylene (TCE) in air, 
and provide information on characterizing and addressing human health risks from less-than-lifetime 
exposures. The action level for a residential scenario is 2 pg/m3, and the action level for an 
industrial/commercial scenario with an 8-hr workday is 6 pg/m3. Equations to allow derivation of action 
levels for alternative scenarios, such as a 10-hr workday, are presented. As described in this attachment, 
it is assumed that an exposure to TCE at any time during an approximate three-week period in early 
pregnancy could result in one or more types of cardiac malformations. Thus, the critical exposure period 
of concern used to evaluate the potential for heart defects and derive action levels for TCE is one day. 
An exceedance of the TCE action level indicates a potential imminent threat to human health. Region 7 
should expedite early or interim action(s) to eliminate, reduce, and/or control the hazards posed by the 
site as quickly as possible. If you or your staff have any questions or need further assistance, please 
contact Kelly Schumacher (x7963).

Exposure Scenario Action Level
Residential (24 hours/day) 2 pg/m3

Industrial/Commercial (8 hours/day)1 6 pg/m3
1 Site-specific action levels should be derived w aen the workday differs from 8 hours/day.

RECEIVED

Attachment NOV 0 3 2016

AWMD/WRAP
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EPA Region 7 Action Levels for Trichloroethylene in Air

Introduction

In 2011, the latest human health toxicity values for trichloroethylene were published by the United 
States Environmental Protection Agency’s Integrated Risk Information System program (EPA, 201 la). 
As discussed in this document, these new values are partly based on developmental health effects that 
result from less-than-lifetime exposures. In contrast, the toxicity values typically used to evaluate 
potential health risks and derive action levels at Superfund and RCRA sites are based on health effects 
associated with long-term, or chronic exposures. Further, the equations and exposure parameters used 
typically reflect all or a significant portion of a person’s lifetime. Once the current TCE values were 
released, the protectiveness of using traditional approaches to assess and address TCE exposures was 
questioned. The purpose of this memorandum is to update the EPA Region 7 RCRA and Superfund 
programs on the recommended action levels for TCE in air and provide information on characterizing 
and addressing human health risks from less-than-lifetime exposures. To support these objectives, the 
window of susceptibility for the developmental toxicity associated with TCE is examined, the critical 
exposure period of concern is identified, and the appropriate exposure parameters and equations are 
elucidated.
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Toxicity Assessment
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The EPA’s final toxicological review by the IRIS program incorporates comments by the U.S. National 
Academy of Sciences (National Research Council, 2006), two U.S. EPA Science Advisory Boards 
(EPA, 2002 and 201 lb), the Executive Office of the President (Office of Management and Budget, 2009 
and 2011), the U.S. Department of Defense (DOD, 2009a, 2009b and 2011), the National Aeronautics 
and Space Administration (NASA, 2009 and 2011), internal Agency reviewers, and the public, among 
others. The Halogenated Solvents Industry Alliance, Inc., which represents the interests of TCE 
manufacturers and producers, submitted a Request for Correction of the TCE IRIS assessment (HSIA, 
2013), which was denied by the EPA’s Acting Assistant Administrator (EPA, 2015). The HSIA then 
submitted a Request for Reconsideration (HSIA, 2015), which was also denied by the EPA (EPA, 
2016a). The EPA found the Requests “directly contrary to the SAB’s conclusions and recommendations, 
such that to accept HSIA’s RFC/RFR would require EPA to reject SAB’s advice” (EPA, 2016a).
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The EPA’s Office of Land and Emergency Management recognizes an IRIS assessment as the official 
Agency scientific position regarding the toxicity of a chemical based on the data available at the time of 
the review (EPA, 2003). As such, IRIS is generally the preferred source of human health toxicity values 
used to evaluate risks at Superfund and RCRA hazardous waste sites. In accordance with Directive 
9285.7-53 (EPA, 2003), the 2011 IRIS TCE toxicity values will be used to evaluate risks and derive 
action levels by the Region 7 RCRA and Superfund programs until the 2011 values are either revised or 

rescinded.
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Non-Carcinogenic Health Effects
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In general, the EPA assumes that a dose or exposure level exists below which adverse non-carcinogenic 
health effects will not occur (EPA, 1989). Below this threshold, it is believed that exposure to a 
chemical is tolerated without adverse effects. Adverse health effects occur only when physiologic 
protective mechanisms are overcome by exposure to doses or concentrations above the threshold. For 
chronic toxicity values, the first adverse effect (or its known precursor) that occurs to the most sensitive 
species as the dose rate of an agent increases, regardless of the exposure duration, is designated the
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critical endpoint. The dose or exposure at which the critical endpoint is observed is the point of 
departure. Uncertainty factors, ranging from 1 to 3,000, reflecting limitations of the data used are 
applied to the point of departure to derive the inhalation reference concentration. The RfC is an estimate 
(with uncertainty spanning perhaps an order of magnitude) of a continuous inhalation exposure to the 
human population (including sensitive subgroups) that is likely to be without an appreciable risk of 
deleterious effects during a lifetime (EPA, 1989).
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The 2011 Scientific Advisory Board panel recommended that, “The two endpoints for immune effects 
from Keil et al. (2009) and the cardiac malformations from Johnson et al. (2003) should be considered 
the principal studies supporting the RfC” (EPA, 201 lb). The panel considered the immune effects and 
cardiac malformations co-critical endpoints (EPA, 201 lb). In accordance with the SAB panel 
recommendations, the IRIS program based the TCE chronic reference concentration of 2 pg/m3 on these 
two co-critical endpoints, each of which can support the RfC independently: autoimmune disease 
following chronic exposure in adults (0.00033 ppm, or 1.8 pg/m3) and heart defects following exposure 
during early pregnancy (0.00037 ppm, or 2.0 pg/m3). The RfC is also supported by nephrotoxicity 
(kidney effects) following chronic exposure in adults (0.00056 ppm, or 3.0 pg/m3). Following 
publication of these values, the developmental cardiac effects were further addressed by the IRIS 
program in “TCE Developmental Cardiac Toxicity Assessment Update” (EPA, 2014a) and by scientists 
in the EPA’s Office of Research and Development in the peer-reviewed literature (Makris et al., 2016).

Chronic exposure to TCE poses a potential human health hazard to the central nervous system, kidneys, 
liver, immune system, and male reproductive system. As mentioned above, immunotoxicity in adults is 
considered a co-critical endpoint, at a slightly lower concentration than that associated with cardiac 
defects. Overall, the IRIS program concluded that “the human and animal studies of TCE and immune- 
related effects provide strong evidence for a role of TCE in autoimmune disease and in a specific type of 
generalized hypersensitivity syndrome” (EPA, 201 la). Kidney toxicity was considered a supporting 
endpoint, with high confidence found in multiple lines of evidence in both human and animal studies.
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Short-term exposures to TCE during pregnancy are associated with many forms of developmental 
toxicity, including spontaneous abortions, decreased growth, developmental neurotoxicity, 
developmental immunotoxicity, and birth defects. However, the critical developmental endpoint is 
cardiac malformations. The primary types of heart defects observed with TCE exposures include atrial 
and ventricular septal defects, which are holes in the wall (septa) between the top two chambers (atria) 
or bottom two chambers (ventricles) of the heart, and pulmonary and aortic valve stenoses, which are 
thickened or fused heart valves that do not properly open and/or close and may leak blood. The critical 
window of susceptibility for these types of defects is an approximate three week period (i.e., 
valvuloseptal morphogenesis, or the period in which major cardiac morphogenic events such as heart 
valve formation occur) approximately four to seven weeks after conception, early in the first trimester of 
human pregnancy (Dhanantwari et al., 2009). The type and severity of the resulting cardiac 
malformation or malformations depends on the timing and level of exposure to TCE within this 
approximate three week period. Exposures that clear the body before this period do not impact the heart 
valves and septa, because they have not yet begun to form. In humans, TCE and most of its metabolites 
are eliminated within a week of exposure (EPA, 201 la).
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The EPA evaluates carcinogenicity in two parts (EPA, 2005a). First, the Agency evaluates all available 
scientific information and assigns a weight-of-evidence classification based on a compound’s potential 
to cause cancer in humans. In the absence of sufficient data regarding the mode of action or if the
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weight-of-evidence supports a mutagenic mode of action, the EPA generally assumes that any exposure 
to a chemical will increase an individual’s risk of developing cancer. Under this default approach, there 
is no threshold below which the probability of developing cancer is zero. Second, a toxicity value is 
derived to define the quantitative relationship between dose or concentration and carcinogenic response. 
For inhalation exposures using the default approach, this value is known as the inhalation unit risk. The 
IUR is a generally plausible upper-bound estimate of the increased probability of developing cancer 
following a lifetime of exposure. This value is used to estimate the increased risk of developing cancer 
from inhalation of potentially carcinogenic chemicals.

Following the EPA’s Guidelines for Carcinogen Risk Assessment (EPA, 2005a), the IRIS program has 
evaluated the carcinogenic potential of TCE and has classified it as “carcinogenic to humans” by all 
routes of exposure. This conclusion is based on convincing evidence of a causal association between 
TCE exposure in humans and kidney cancer, strong evidence of non-Hodgkin’s lymphoma, and more 
limited evidence of liver and biliary tract cancer. The inhalation unit risk for TCE, based on these 
combined cancer types, is 4.1E-06 (pg/m3)1. Sufficient evidence supports a mutagenic mode of action 
for TCE-induced kidney tumors in humans, but modes of actions have not been established for the other
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TCE-induced cancer types. The portion of the TCE IUR specific for kidney tumors is 1.0E-06 (pg/nr) , 
while the IUR for non-Hodgkin’s lymphoma plus liver and biliary tract cancers is 3.1E-06 (pg/m3)'1.

. ; !Risk Characterization

The EPA’s RCRA and Superfund programs characterize potential human health risks using standardized 
equations that combine toxicity values with exposure parameters because risk is a function of both 
hazard and exposure. Typically, the EPA’s standard default exposure parameters for chronic scenarios, 
published in OSWER Directive 9200.1-120 (EPA, 2014b), are used. However, exposure assessments 
must take into account the time scale related to the specific biological response (NRC, 1991). This 
means that exposure parameters selected to evaluate risks and/or develop levels of concern for a given 
chemical and scenario should correspond as closely as possible with the exposure period used to develop 
the toxicity value. For example, time-weighted average exposures over a lifetime have little relevance 
for a developmental toxin if the adverse effects could only occur following exposure during a particular 
stage of development (EPA, 1992).

Non-Cancer Hazard Quotients for Cardiac Defects

The toxicity values considered protective for a lifetime of exposure to TCE are partly based on non
cancer health effects resulting from less-than-Iifetime exposures. As previously stated, one of the two 
co-critical endpoints that serves as the basis for the TCE RfC is cardiac defects. This effect can only 
occur when the fetus is exposed during the period of heart development. Therefore, the EPA’s standard 
default exposure parameters for chronic exposures are invalid for estimating hazard quotients 
representing the potential for cardiac defects associated with TCE exposures and for deriving TCE levels 
of concern that are protecti ve of developmental endpoints. To select appropriate less-than-lifetime 
exposure parameters that may be used to characterize these hazards and derive levels of concern, the 
critical exposure period of concern for TCE-related heart malformations must first be identified.
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“[F]or developmental toxic effects, a primary assumption is that a single exposure at a critical time in 
development may produce an adverse developmental effect, i.e., repeated exposure is not a necessary 
prerequisite for developmental toxicity to be manifested” (EPA, 1991). The EPA’s Risk Assessment 
Guidance for Superfund Part A (EPA, 1989) directs the use of a day or a single exposure incident to 
assess the potential risks of adverse developmental effects. Following this guidance, it is assumed that a
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single exposure to TCE at any time during the approximate three week period of valvuloseptal 
morphogenesis could result in one or more of the types of heart malformations described previously. 
Thus, the critical exposure period of concern used to evaluate the potential for cardiac defects is one 
day. A 24-hour exposure period has been used by the EPA to evaluate acute hazards associated with 
TCE in the final, peer-reviewed TSCA Work Plan Chemical Risk Assessment (EPA, 2014c).
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The EPA’s Risk Assessment Guidance for Superfund Part F, Supplemental Guidance for Inhalation Risk 
Assessment (EPA, 2009) specifies that the exposure concentration (EC) that should be used to evaluate 
risks and derive levels of concern for acute endpoints is equivalent to the concentration detected in air 
(CA), as shown in Equation 1.
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For a residential scenario, in which exposure to TCE inside a home is assumed to occur throughout the 
entire exposure period of concern, Equation 1 is appropriate. However, for other types of scenarios (e.g., 
industrial, commercial, recreational), exposures to TCE only occur for a portion of any given 24-hour 
period. Moreover, exposures to different concentrations of TCE may occur within a single day at some 
sites. To account for these multiple exposures, Equation 1 can be modified, resulting in a time-weighted 
average exposure concentration. The 24-hour TWA exposure concentration can be calculated using 
Equation 2.
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where:
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EC24 = 2?-i(CA{ • ETf)/ AT24
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EC24 (pg/trr) = time-weighted average exposure concentration over 24 hours; 
CAi (ug/m3) = TCE concentration in air in microenvironment (ME) i;
ETi (hours) = exposure time spent in ME 1;
AT24 (hours) = averaging time for the exposure penod of concern (24 hours)

(2)
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In a residential scenario, there is a single microenvironment, the residence, with an exposure time of 24 
hours. Thus, the Residential EC24 will equal CArcs, as shown in Equation 3. To reduce uncertainty in 
residential scenarios, CAres should be based on air samples collected for an entire 24-hour exposure
period. Generally, stationary 24-hour indoor air sample results are used.

iumk r Residential EC24 =
(,CAres-24 hrs)

(3)HCJIUCILULU 1,1.24 ~ 24 hrs ~ °‘rlrej
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In a typical industrial or commercial scenario, there are two microenvironments. One is the workplace, 
and the other is away from the workplace. The Industrial/Commercial EC24 can be calculated using 
Equation 4, below. Although the standard value for ETwork is an 8-hour workday, this variable should 
reflect site-specific conditions. For example, employees at a given site may work longer shifts, such as 
10 or 12 hours, and they may or may not take their lunch breaks on site. CAwork should be based on air 
samples collected for the entire exposure time, ETWOrk, during the portion of the day that workers are 
present. This is to prevent potential underestimates of TCE concentrations if diurnal variations occur at a 
site, although such variability does not exist at all sites. Generally, stationary 8-hour or 10-hour indoor 
air samples are appropriate. ETaway should equal the remainder of the 24-hour period spent away from 
the workplace. CAawayis generally assumed to equal zero, unless site-specific data suggest otherwise.

Industrial/Commercial EC24 = {CA^k-ET^^{cAaway-ETaway) (4)
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If multiple or variable microenvironments are present at a site, it is possible to use Equation 2 to 
generate a 24-hour TWA exposure concentration. However, consideration should be given to the use of 
portable sampling equipment to more accurately measure true exposure concentrations to the receptor(s) 
of concern over the entire exposure time, as opposed to stationary sampling equipment positioned in 
multiple areas where exposure occurs.

Non-cancer hazard quotients for heart defects can be derived using Equation 5, where HQ24 is the 
developmental hazard quotient; EC24 is the 24-hr time-weighted average exposure concentration 
calculated using Equations 2, 3, or 4; and the RfC is 2 pg/m3. As shown in Equation 5, a hazard quotient 
is the ratio of the exposure to the non-cancer toxicity value. Thus, an HQ greater than 1 means that the 
exposure is greater than the RfC and exceeds a level of concern for that particular non-cancer health 
effect.

= jji (5)

Equation 5 can be combined with Equation 3 or 4 to calculate the developmental hazard quotients 
(HQ24) for a residential or industrial/commercial receptor, as follows.
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r aResidential HQ24 = —g|r (6)

. , . . , m • 1 tin (CAworji-ETworh)-v{CAawayETaway) . .
Industrial/Commercial HQ24 — -------------  • _ -fig--------------- (7)
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Non-Cancer Hazard Quotients for Chronic Health Effects

Autoimmune disease, a co-critical endpoint upon which the TCE RfC is based, and kidney toxicity, the 
supporting endpoint, are both health effects associated with chronic or long-term exposures. Equation 8 
is the standardized equation used to evaluate non-cancer hazard quotients for chronic health effects; the 
exposure parameters are defined in Table 1. If seasonal or temporal fluctuations in TCE concentrations 
potentially exist, consideration should be given as to whether sufficient data are available to generate an 
average concentration for use as the CA term. If the dataset is limited, it may be more health-protective 
to use the highest concentration detected.

HQ,chronic ATnc,chronic(days)-Rfc(J^^
(8)

The above equation can be presented in terms of residential or industrial/commercial exposure scenarios, 
as shown below. Note that it is only appropriate to calculate non-cancer hazard quotients for chronic 
health effects for those receptors with long-term exposures.

„ .. .. ....Residential HQchronic = --------------ArJ^^aysy^)-------------- (9)

Industrial/Commercial HQchroniC
CAwork{^)ETwork{X^Ml^h^-EFWork{yeya^DWOTktyears)

AT nc,chronic,work(.<lays)-Rfc(^^f) (10)
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Cancer Risks

TCE is classified “carcinogenic to humans,” based on kidney cancer, non-Hodgkin’s lymphoma, and 
liver and biliary tract cancer. Equation 11 is the standardized equation used to evaluate excess individual 
lifetime cancer risks; the exposure parameters are defined in Table 1. If temporal fluctuations in TCE 
concentrations potentially exist, consideration should be given as to whether sufficient data are available 
to generate an average concentration for use as the CA term. If the dataset is limited, it may be more 
health-protective to use the highest concentration detected.

AT„n,„(days) "*>

The above equation can be presented in terms of residential or industrial/commercial exposure scenarios, 
as shown below. Because a mutagenic mode of action has been established for kidney tumors associated 
with TCE, it is necessary to apply age-dependent adjustment factors when deriving risks for this cancer 
type in children (EPA, 2005b). ADAFs are not applied when deriving risks for non-Hodgkin’s 
lymphoma or liver and biliary tract cancers associated with TCE exposures because they have not been 
determined to operate via a mutagenic mode of action. Because only adults are evaluated in an 
industrial/commercial exposure scenario and no adjustments for mutagenicity are made for adults (i.e., 
ADAFaduit= 1), ADAFs are not included in Equation 13.

Residential CR — Kday. 

ATcancer(days)
■) • [[edo-2 Cyears') ■ IURkid gf ) •

ADAF0^ + (,ED2_16(years) • WRkld gj) * ■ ADAF2.16) + (f?D16_26(years) • lURkid gj)'1

ADAFadult) + i.EDres{years) ■ IURN&L gjQii M«t ■ <
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Industrial/Commercial CR =
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(12)
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The definitions, values, and references for the exposure parameters and toxicity values used in this 
document are provided in Table 1. For the chronic scenarios, the EPA’s standard default exposure 
parameters (EPA, 2014b) are used to best represent reasonable maximum exposure scenarios, which are 
the highest exposures reasonably expected to occur at a site (EPA, 1989). These values are based on the 
2011 Exposure Factors Handbook (EPA, 2011c). Although the default exposure time for an indoor
worker is 8 hours/day, it is preferable to identify a site-specific worker exposure time.
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Table 1. Exposure Parameters and Toxicity Values.
Parameter Definition Units Value Reference
ADAFo-2 Age-dependent adjustment factor - ages 0 to 2 years -

10 EPA, 2005b
ADAF2-10 Age-dependent adjustment factor - ages 2 to 16 years - 3 EPA, 2005b
ADAFajuii Age-dependent adjustment factor - ages 16 years and older -

1 EPA, 2005b
AT24 Averaging time - developmental effects hours 24 -

AT cancer Averaging time - cancer days 25,550 EPA, 2014b
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Table 1. Exposure Parameters and Toxicity Values.
Parameter Definition Units Value Reference

ATnc.chronic, child
Averaging time - chronic non-cancer health effects, 

resident child
days 2,190 EPA, 2014b

ATnc,chronic, work
Averaging time — chronic non-cancer health effects, indoor 

worker
days 9,125 EPA, 2014b

CA Concentration of TCE in air pg/m3 Measured -

CArcs Concentration of TCE in air of the residence pg/m3 Measured -

CAwork Concentration of TCE in air of the workplace pg/m3 Measured -

ED0-2 Exposure duration - ages 0 to 2 years years 2 EPA, 2005b

ED2-16 Exposure duration - ages 2 to 16 years years 14 EPA, 2005b

ED 16-26 Exposure duration - ages 16 to 26 years years 10 EPA, 2005b

EDchild Exposure duration - resident (child, ages 0 to 6 years) years 6 EPA, 2014b

HDrcs
Exposure duration - resident (child + adult, ages 0 to 26 

years)
years 26 EPA, 2014b

EDwork Exposure duration - indoor worker years 25 EPA, 2014b

EFrcs Exposure frequency - resident days/yr 350 EPA, 2014b

EFwork Exposure frequency - indoor worker days/yr 250 EPA, 2014b

ETaway
Exposure time - time spent away from work by an indoor 

worker (24 hrs/day minus ETwork)
hrs/day

16 or site- 

specific -

ETres Exposure time - time spent at home by a resident hrs/day 24 EPA, 2014b

ETwork Exposure time - time spent at work by an indoor worker hrs/day
8 or site- 

specific

EPA, 2014b or 

site-specific

IUR TCE inhalation unit risk - total (pg/m3)'1 4.1E-06 EPA, 2011a

ruRkid TCE inhalation unit risk - kidney cancer (pg/m3)-1 1.0E-06 EPA, 2011a

IURnal
TCE inhalation unit risk - non-Hodgkin’s lymphoma and 

liver and biliary tract cancers
(pg/m3)-1 3.1E-06 EPA, 2011a

RfC TCE reference concentration pg/m3 2 EPA, 2011a

THO Target hazard quotient -
1

-

TR Target cancer risk
• f. ,1 ’t • •

- IE-04

Upper-end of 

Target Cancer 

Risk Range

Action Levels

Level of Concern for Developmental Effects

Equations 2 and 5 can be manipulated to solve for the level of concern for developmental health effects, 
using a target non-cancer hazard quotient of 1, as follows. Note that the only exposure parameter that 
can vary in this calculation is the exposure time. The TCE levels of concern for developmental effects 
based on standard exposure times are provided in Table 2. For a 24-hour residential scenario, the 
developmental LOC equals 2 pg/m\ For a typical 8-hour industrial/commercial scenario, the 
developmental LOC equals 6 pg/m3. Site-specific developmental LOCs maybe derived using alternate 
exposure times; for example, a 10-hour exposure time results in a developmental LOC of 4.8 pg/m3.

rrv , nr (M.\ - T"Q AT^hr^Rfc{5)
1 Lc. LULdevelopmental ^m3 ) ET\

\day.
)

TCE Residential LOC(ievei0pineniai 1-24 hrs-2 

24 hrs

(14)

(15)
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TCE Industrial/Commercial LOCdevelovmental =
1-24 hrs-2 -^4 

ml
ETw°rk[ (16)

Level of Concern for Chronic Non-Cancer Health Effects

Equation 8 can be manipulated to solve for the level of concern for chronic, non-cancer health effects, 
using a target non-cancer hazard quotient of 1 and the exposure parameters presented in Table 1, as 
follows. For a residential scenario, this LOC equals 2.1 pg/m3, which is the value listed as the non
cancer residential air Regional Screening Level for TCE, based on an HQ of 1 (EPA, 2016b). For an 
industrial/commercial scenario, the chronic LOC equals 8.8 pg/m3, which is the value listed as the non
cancer worker air RSL for TCE, based on an HQ of 1. Site-specific chronic LOCs may be derived using 
alternate exposure times or other parameters.

TCELOCchronic(^) =
THQ-ATncchronic{days)Rfc(f^j

i !
(17)

:pt
TCE Residential LOC h ■ (—} = -________  ,hhd y ^c(m3) /-jo\
i lc Kesiaennai LULchromc l 3 I ,hrs. ,lday^ ^ rdays\ , „ , U°)

^esKday) lz4 hrs) EFres{year/EDchlld{years)

It'S A'lrT -■u>.
TCE Industrial/Commercial LOCchronic (^) =

si*. A'i■- d»>- i;. ’ VftS■■,
Level of Concern for Cancer Risks

* v M '.<)*. ’«*•*THQATnCtCfironiCworic(days')’Rfc(^jjr.ijttfi

■Anie- H3• j

(19)
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Equations 11,12, and 13 can be manipulated to solve for the level of concern for cancer risks, using a 
target excess cancer risk (TR) of 1E-04, which is the upper bound of the EPA’s target cancer risk range, 
and the exposure parameters presented in Table 1, as follows. For a residential scenario, this LOC equals 
48 pg/m3, and for an industrial/commercial scenario, the cancer LOC equals 300 pg/m3.

TCE LOCcancer = ------------------TR ATcanceAdays)
J ■

(20)

TCE Residential LOCcancer (*§) =
"wewfmsq nwipryiiHr.' taw •

_____________________________ 7* F-ATcancer(days)
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(ED0-2(yearsyiURkld(^) 1-ADAFa-fj+^ED2.16(yearsyiURkld(^) ^•ADAFz-u^ 

(FD16-26(yearsy/URkid(%|) 1-ADAF16-26')+(EDres(years>n/RN&L(^y1')

(21)
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TCE Industrial/Comm. LOCcancer = TRATcancer(days)
ET»'°rk(day){24kiys)£Fwork(y°£)EDwork(years)-/[/R(^)

rr (22)

As shown below in Table 2, the levels of concern for developmental health effects are lower than the 
LOCs for chronic health effects and cancer, for both residential and occupational scenarios, when based 
on target hazard quotients of 1 or target cancer risks of IE-04. These are the levels of risk that, when 
exceeded, warrant action under the National Contingency Plan. Basing the Region 7 TCE action levels
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on the developmental LOCs is protective for all potential forms of adverse health effects associated with 
TCE. Thus, the action level for a residential scenario is 2 pg/m3, and the action level for a typical 
industrial/commercial scenario with an 8-hr workday is 6 pg/m3. As previously mentioned, the 
developmental LOC, and thus the action level, is highly dependent on the exposure time. Therefore, for 
non-residential exposure scenarios, careful consideration should be given to the value selected as the 
exposure time.

Table 2. Levels of Health Concern for Trichloroethylene (gg/m3), THQ = 1 and TR = IE-04.
Residents (24-hr Exposure Scenario)

Developmental Non-Cancer LOC: 2
Chronic Non-Cancer LOC: 2.1

Cancer LOC: 48
Region 7 Residential TCE Action Level: 2

Industrial/Commercial Wor ters (8-hr Exposure Scenario)
Developmental Non-Cancer LOC: 6

Chronic Non-Cancer LOC: 8.8
Cancer LOC: 300

Region 7 Industrial/Commercial TCE Action
Level: 6

Risk Management Considerations

If the TCE action level is exceeded, this indicates a potential imminent threat to human health, and early 
or interim action(s) should be taken to eliminate, reduce, and/or control the hazards posed by the site 
(EPA, 2014d). At Superfund sites, coordination between the remedial and removal programs should 
immediately commence as early as the receipt of preliminary sampling results indicative of a potential 
human health concern (EPA, 2016c). Potential receptors should be informed of the results and potential 
risks to human health. Standard Region 7 practice is to communicate this information via data 
transmittal letters submitted to property owners and employers, but when TCE action levels are 
exceeded, tenants, residents, employees and others who may be exposed should also be informed. 
Although the action levels derived in this document are applicable to women in the first trimester of 
pregnancy, note that the levels protective of autoimmune disease and kidney toxicity in all individuals 
are not significantly different, at 2.1 and 8.8 pg/m3, for residents and workers, respectively. Depending 
on the concentrations detected, immediate site actions could include relocation, restricting the time 
residents or workers remain in areas exceeding action levels, opening basement or lower level windows 
for ventilation (using a fan), sealing cracks in the slab, sealing sump pits, sealing cinder block or stone 
walls, and/or using air filtration systems. Vapor mitigation systems or adjustments to HVAC systems 
may be used to minimize exposures on a more long-term basis. Post-remedy testing and continued 
operation and maintenance is necessary to ensure protection of human health until the source of TCE in 
soil and/or groundwater is ultimately addressed.

Other EPA Regions and states have derived tiered action levels prescribing the types and urgency of 
various responses, as described below.

• Although Region 7 consistently uses a THQ of 1 as the basis for both removal and remedial 
Superfund actions, other Regions have used a THQ of 3 as a science policy approach to prioritize 
actions that may warrant the use of removal authority, with ultimate cleanup goals based on a 
THQ of 1. Since non-cancer toxicity values have historically been based on effects resulting 
from chronic exposure, this practice assumes that the most highly contaminated sites will be 
remediated first, but all sites will be remediated before exposures have occurred for a sufficiently 
long duration (e.g., 25 years as a worker or 26 years as a resident) to pose significant health risks.
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This assumption is not protective of the short-term health effects associated with TCE, in which 

the critical window of susceptibility is an approximate three week period and a single exposure 

during this critical time may result in cardiac malformations.

• Tiered action levels could also be derived by reducing the uncertainty factor applied to the RfC 

from 10 to 1. The existing UF of 10 is applied for uncertainty regarding differences in 

pharmacodynamics between animals and humans and between the general population and 

sensitive subpopulation. Other than the toxicokinetic variability characterized by the 

physiologically-based pharmacokinetic model, EPA (2011a) indicates that there are inadequate 

chemical-specific data to quantify the degree of differential susceptibility due to factors such as 

genetic polymorphisms, race/ethnicity, preexisting health status, lifestyle factors, and nutritional 

status. The UF of 10 was included in the extensive peer-review process described in this 

document, and Region 7 does not have justification to alter this value.

• Similarly, the selection of a 1% excess risk as the benchmark response and a human equivalent 
concentration for a toxicokinetically sensitive individual at the 99th percentile were both 

extensively reviewed, and Region 7 does not have justification to alter these criteria.

Although Region 7 has not developed tiered levels because this approach may not be protective of 

human health, higher concentrations of TCE are associated with greater health risks. Actions should be 

implemented as quickly as is practicable to minimize risks of developmental toxicity. This document 
reinforces that Region 7 should expedite actions to protect human health whenever the TCE air 
concentration exceeds 2 pg/m3 in a residential scenario or 6 pg/m3 for,an 8-hour worker scenario.
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Fantastic Caverns 
Greene County

Employee Fact Sheet - TCE Exposures 2016

MISSOURI
DEPARTMENT OF 
NATURAL RESOURCES

Background
♦ Trichloroethylene (TCE), a chemical historically used as a solvent to clean metal parts and which 

readily evaporates into air, has been found in the air within Fantastic Caverns. This sampling was 
conducted as part of an environmental investigation to determine if air inside caves visited by the 
public is affected by nearby sites where releases of contaminants are known to have occurred.

♦ The Missouri Department of Natural Resources (MoDNR) collected air samples from inside the cave 
in April and July 2016. TCE was detected in July above health-based levels of concern.

♦ The TCE in Fantastic Caverns is believed to be related to a former manufacturing facility located in 
Springfield, three miles south-south east of the cave. It is believed that TCE from this site has moved 
through soil and groundwater and eventually evaporated into the cave’s air.

Future Sampling Activities
♦ Many sampling events over time are necessary to determine the variability in TCE levels due to 

seasonal variation in temperature, barometric pressure and air flow.
♦ MoDNR is discussing with the cave owner about conducting air sampling in the cave over time to 

evaluate TCE levels and to collect the necessary data for health officials to evaluate potential risk to 
employees and to determine appropriate response actions.

Health Information
♦ In general, exposure to a chemical does not necessarily mean health effects will occur. The effect of 

exposure to any chemical depends on several things, including the concentration and toxicity of the 
chemical, the length of the exposure, and personal factors such individual health and sensitivity.

♦ The effect of concern from short-term exposure is the potential for fetal heart defects to occur in 
developing fetuses of pregnant workers, if exposure occurs during fetal heart development in the 
first trimester of pregnancy (weeks six through nine of gestation). Given this, there is also a concern 
for women of child-bearing age in general, since fetal heart development may occur during a time 
when a woman may not know she is pregnant.

♦ Workers with long-term exposure to TCE in cave air may be at increased risk of other harmful 
effects and possible increased cancer risks, if exposure occurs over extended periods of time. Long
term TCE exposure is associated with harmful effects to the immune system, nervous system, 
kidney, liver, and male reproductive system and is also associated with increased cancer risk for 
liver, kidney and non-Hodgkin’s lymphoma.

Contact Information
♦ For health-related questions regarding TCE exposure, please contact Michelle Hartman with 

MDHSS at 573-751-6102.
♦ For information on the cave investigation, please contact Wane Roberts with MoDNR at 573-751- 

4187.



Trichloroethylene - ToxFAQs™
CAS #79-01-6

This fact sheet answers the most frequently asked health questions (FAQs) about trichloroethylene. For more information, 
call the CDC Information Center at 1 -800-232-4636. This fact sheet is one in a series of summaries about hazardous 
substances and their health effects. It's important you understand this information because this substance may harm you. 
The effects of exposure to any hazardous substance depend on the dose, the duration, how you are exposed, personal traits 
and habits, and whether other chemicals are present.

HIGHLIGHTS: Trichloroethylene is used as a solvent for cleaning metal parts. Exposure to 

very high concentrations of trichloroethylene can cause dizziness, headaches, sleepiness, 
incoordination, confusion, nausea, unconsciousness, and even death. The Environmental 
Protection Agency (EPA) and the International Agency for Research on Cancer (IARC) classify 

trichloroethylene as a human carcinogen. Trichloroethylene has been found in at least 1,045 
V of the 1,699 National Priorities List sites identified by the EPA.

What is trichloroethylene?
Trichloroethylene is a colorless, volatile liquid. Liquid 
trichloroethylene evaporates quickly into the air. It is 
nonflammable and has a sweet odor.

The two major uses of trichloroethylene are as a solvent 
to remove grease from metal parts and as a chemical 
that is used to make other chemicals, especially the 
refrigerant, HFC-134a.Trichloroethylene was once used as 
an anesthetic for surgery.

‘ I, ; - ■
What happens to trichloroethylene when 
it enters the environment?

• Trichloroethylene can be released to air, water, and 
soil at places where it is produced or used.

• Trichloroethylene is broken down quickly in air.

• Trichloroethylene breaks down very slowly in soil and 
water and is removed mostly through evaporation
to air.

• It is expected to remain in groundwater for long time 
since it is not able to evaporate.

• Trichloroethylene does not build up significantly in 
plants or animals.

How might I be exposed to 
trichloroethylene?

How can trichloroethylene affect 
my health?
Exposure to moderate amounts of trichloroethylene may 

cause headaches, dizziness, and sleepiness; large amounts 
may cause coma and even death. Eating or breathing 
high levels of trichloro-'ethylene may damage some of 
the nerves in the face. Exposure to high levels can also 
result in changes in the rhythm of the heartbeat, liver 
damage, and evidence of kidney damage. Skin contact 
with concentrated solutions of trichloroethylene can cause 
skin rashes.

There is some evidence exposure to trichloroethylene 
in the work place may cause scleroderma (a systemic 
autoimmune disease) in some people. Some men 
occupationally-exposed to trichloroethylene and other 
chemicals showed decreases in sex drive, sperm quality, 
and reproductive hormone levels.

How likely is trichloroethylene to 
cause cancer?

There is strong evidence that trichloroethylene can 
cause kidney cancer in people and some evidence for 
trichloroethylene-induced liver cancer and malignant 
lymphoma. Lifetime exposure to trichloroethylene 
resulted in increased liver cancer in mice and increased 
kidney cancer and testicular cancer in rats.

• Breathing trichloroethylene in contaminated air.

• Drinking contaminated water.

• Workers at facilities using this substance for 
metal degreasing are exposed to higher levels of 
trichloroethylene.

• If you live near such a facility or near a hazardous 
waste site containing trichloroethylene, you may also 
have higher exposure to this substance.

Agency for Toxic Substances and Disease Registry

Division of Toxicology and Health Human Sciences

The IARC and the EPA determined that there is convincing 
evidence that trichloroethylene exposure can cause 
kidney cancer. The National Toxicology Program (NTP) is 
recommending a change in cancer classification to "known 
human carcinogen" http://ntp.niehs.nih.aov/ntp/roc/ 
monoaraphs/finaltce 508.pdf.



Trichloroethylene
CAS #79-01 -6

How can trichloroethylene 
affect children?
It is not known whether children are more susceptible 
than adults to the effects of trichloroethylene.

Some human studies indicate that trichloroethylene 
may cause developmental effects such as spontaneous 
abortion, congenital heart defects, central nervous system 
defects, and small birth weight. However, these people 
were exposed to other chemicals as well.

In some animal studies, exposure to trichloroethylene 
during development caused decreases in body weight, 
increases in heart defects, changes to the developing 
nervous system, and effects on the immune system.
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How can families reduce the risk of 
exposure to trichloroethylene?
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• Avoid drinking water from sources that are known
to be contaminated with trichloroethylene. Use 
bottled water if you have concerns about the 
presence of chemicals in your tap water. You may 
also contact local drinking water authorities and 
follow their advice. , „

• Discourage your children from putting objects in 
their mouths. Make sure that they wash their hands 
frequently and before eating.

• Prevent children from playing in dirt or eating dirt if 
you live near a waste site that has trichloroethylene.

• Trichloroethylene is used in many industrial products. 
Follow instructions on product labels to minimize 
exposure to trichloroethylene.

■
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Is there a medical test to show whether 
I've been exposed to trichloroethylene?
Trichloroethylene and its breakdown products 
(metabolites) can be measured in blood and urine. 
However, the detection of trichloroethylene or its 
metabolites cannot predict the kind of health effects 
that might develop from that exposure. Because 
trichloroethylene and its metabolites leave the body 
fairly rapidly, the tests need to be conducted within days 
after exposure.

Has the federal government made 
recommendations to protect human 
health?
The EPA set a maximum contaminant goal (MCL) of 0.005 
milligrams per liter (mg/L; 5 ppb) as a national primary 
drinking standard for trichloroethylene.

isoirnsffa * 1.. b«u zj-.-o tsl j-
The Occupational Safety and Health Administration
(OSHA) set a permissible exposure limit (PEL) of 100 ppm 
for trichloroethylene in air averaged over an 8-hour 
work day, an acceptable ceiling concentration of 200 
ppm provided the 8 hour PEL is not exceeded, and an 
acceptable maximum peak of 300 ppm for a maximum
duration of 5 minutes in any 2 hours.

bits .ysftw '.it Of -:.T i‘,0 ) I;
The National Institute for Occupational Safety and Health 
(NIOSH) considers trichloroethylene to be a potential 
occupational carcinogen and established a recommended 
exposure limit (REL) of 2 ppm (as a 60-minute ceiling) 
during its use as an anesthetic agent and 25 ppm (as a 
10-hour TWA) during all other exposures.
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Where can I get more information?

For more information, contact the Agency forToxic Substances and Disease Registry, Division of Toxicology 
and human Health Sciences, 1600 Clifton Road NE, Mailstop F-57, Atlanta, GA 30329-4027.

Phone: 1-800-232-4636.

ToxFAQs™ Ion the web: www.atsdr.cdc.gov/toxFAQs.

ATSDR can tell you where to find occupational and environmental health clinics. Their specialists can recognize, evaluate, 
and treat illnesses resulting from exposure to hazardous substances. You can also contact your community or state health 
or environmental quality department if you have any more questions or concerns.
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